This study assessed the effect of exogenous administration of methyl farnesoate on growth and maturation of ovary in the freshwater crab Travancoriana schirnerae. Results provide strong evidence that methyl farnesoate administration induced ovarian growth in all phases of oogenesis as judged by the increased ovarian indices, oocyte diameter and oocyte proportion values of experimentals over controls. Our observations also revealed that methyl farnesoate treatment induced avitellogenic and previtellogenic ovaries to grow into vitellogenic and early vitellogenic to middle vitellogenic ovaries as evidenced by the presence of a large number of vitellogenic oocytes in avitellogenic and previtellogenic ovaries and enhanced yolk deposition in early vitellogenic ovaries. However, methyl farnesoate injection during late vitellogenic phase effected no significant change in morphology or histology of the ovary. From the results it is evident that methyl farnesoate administration caused a marked increase in gonial proliferation in both reproductive and non-reproductive phases. The elevated ovarian index, mean oocyte diameter and oocyte proportion values of experimentals over controls in the present investigation may be attributed to the increased growth and yolk deposition in oocytes triggered by methyl farnesoate. It is concluded that methyl farnesoate administration is effective in inducing ovarian growth and maturation thereby reducing the duration of the ovarian cycle which is highly advantageous for a species of aquaculture potential.
INTRODUCTION
In crustaceans, growth and reproduction are regulated by neuropeptides and steroid hormones. The stimulatory neuropeptides are the gonad stimulating hormone (GSH) secreted by the brain and thoracic ganglion while the inhibitory neuropeptides (gonad inhibiting hormone) are synthesized and released by the X-organ-sinus gland (XO-SG) complex of the eyestalk. Steroid hormones include ecdysone and methyl farnesoate (MF), synthesized and released by the Y-organ and the mandibular organ, respectively. The Y-organs are paired ectodermal endocrine glands, homologous to the prothoracic glands of insects and are the sources of the moulting hormone (MH) in crustaceans (Skinner, 1985; Chang, 1997) . Mandibular organ (MO) is the only endocrine gland which synthesizes a terpenoid hormone, the MF, regulating moult and reproduction in adult crustaceans (Aiken, 1980; Laufer et al., 1994; Borst et al., 2001; .
Several studies indicated a stimulatory role for MF on reproduction in both male and female crustaceans. In vivo and in vitro experiments in Carcinus maenas, Uca pugilator and Oziotelphusa senex senex have shown a parallelism between MF production and ovarian development Nagaraju et al., 2006) . In Libinia emarginata, Laufer et al. (1987) found a positive correlation between the hemolymph titre of MF and the stage of development of the ovary. Further, in the same species, Sagi et al. (1993) observed elevated circulating titres of MF in reproductively active males compared to the inactive males. In vitro and in vivo stimulation of ovarian growth by MF has been reported for Penaeus vannamei (Tsukimura and Kamemoto, 1991) . Rodriguez et al. (2002a) made observations on the effect of MF alone and its combination with other hormones on ovarian growth during vitellogenesis in the red swamp crayfish Procambarus clarkii. Nagaraju et al. (2003) reported MF induced gonad development in Macrobrachium malcolmsonii. Balasubramanian et al. (2010) studied the stimulation of ovarian growth by MF and eyestalk ablation (ESA) in the shrimp Sicyonia ingentis. Suneeta et al. (2010) elucidated the role of MF on reproduction in the tropical penaeid prawn Penaeus monodon. Reddy et al. (2004) and Reddy and Reddy (2015) investigated the role of MF in regulating growth and vitellogenesis in the freshwater rice field crab O. senex senex. Reddy et al. (2016) studied the MF induced yolk protein synthesis in O. senex senex. Though ample literature is available regarding the stimulatory effects of MF on ovarian growth and maturation or spawning in marine decapods, literature is meager in freshwater brachyurans and a detailed study is required to establish this. In this context, the present investigation on the effect of exogenous administration of methyl farnesoate on ovarian growth and maturation in the edible freshwater crab Travancoriana schirnerae is undertaken.
MATERIALS AND METHODS
Adult intermoult female crabs (Carapace width 4.5-5 cm) in various oogenic phases were collected monthly for a period of one year from the paddy fields of Ondayangadi and allowed to acclimatize to the conditions of the laboratory for 3-4 days. The animals were fed with cooked beef liver and pulses ad libitum and the water in the tubs was changed daily. The carapace width, wet weights and moult stages of animals were recorded. Moult stages were determined by examining the nature of the exoskeleton and setae of the epipodite of the 3rd maxilliped in males and pleopods in females.
Methyl farnesoate (trans, trans-MF), purchased from Echelon (Salt Lake City, USA), diluted with 10% ethanol was used for injection. The females in each oogenic phase (avitellogenic, previtellogenic and early, middle and late vitellogenic phases) were divided into three groups of 15 each. Group I served as initial control; Group II which received 10% ethanol formed the concurrent control. Group III which received MF at a dose of 25 ng/g bodyweight formed the experimentals. Injections were given on the first, seventh, fourteenth and twenty first day of experiment through the arthrodial membrane of the coxa of the 3 rd walking leg. Initial control animals were sacrificed on day first and the concurrent controls and experimentals on day 28. Their body weights and the wet weight of ovaries were recorded to calculate the ovarian index.
One half of the ovary was fixed in Bouins fluid and processed for histological studies and the other half for measuring oocyte diameter. Colour of ovary, oocyte diameter and ovarian index were the criteria used to determine the stage of development of the ovary. For histological observations, the stained sections were observed under a Leica DM 500 Research Microscope and light micrographs were taken with a Dewinter camera attachment using Biowizard software. Mean ovarian index, oocyte diameter, proportion of oocytes and histological characteristics were the criteria used to evaluate the impact of MF administration on ovarian maturation. The results were calculated as mean ± SD and the differences in mean values of controls and experimentals were calculated using analysis of variance (ANOVA). A value of P<0.05 was considered statistically significant.
RESULTS
The oogenic cycle of Travancoriana schirnerae was divided into five phases: avitellogenic, previtellogenic, early, middle and late vitellogenic. The current study analyzed the changes in morphological and histological characteristics of the ovary induced by MF administration during various phases of oogenesis in the edible freshwater crab T. schirnerae. Mean ovarian index, oocyte diameter, proportion of oocytes, gonial proliferation and rate of yolk deposition in oocytes were the criteria used to assess the effect.
Effect of methyl farnesoate administration during avitellogenic phase
The ovaries of control and concurrent control crabs of this phase were small, transparent and white with mean ovarian indices of 0.194±0.03 and 0.198±0.02 and mean oocyte diameter values of 67.25±8.50 and 69.89±0.78 µm respectively. Oogonia (14.04±1.30 µm diameter) with large oval to spherical basophilic nuclei (8.26±3.73 µm) were observed in the germinal zone of these ovaries. Close to the oogonia, chromatin nucleolus (CN) stage 1 (diameter 35.77±10.12 µm) (8 and 6%), CN2 (118.06 ± 22.11 µm) (11 and 13%) and CN3 (243.27±40.47 µm) (9 and 7%) oocytes were orderly arranged together with a small percentage of perinuclear (PN) (359.28±22.52 µm) (23 and 24%) oocytes in the peripheral zone. The CN oocytes were oval or elongate with granular, mildly basophilic ooplasm and round to oval, centrally placed multinucleolated (2-5) (7.35±3.00 µm diameter) nuclei (31.46±15.23 µm). Perinuclear oocytes contained 2-4 highly basophilic nucleoli (8.50±3.67 µm) inside their oval or round basophilic nuclei (59.28±15.29 µm diameter). Furthermore, large number of shrunken follicles, atretic oocytes and pycnotic follicle nuclei were seen scattered in the ovary. The CN and PN oocytes were seen surrounded by a large number of oval, basophilic, multinucleolated follicle nuclei.
Ovaries of MF treated crabs resembled morphologically with that of control groups but showed a substantial increase in mean ovarian index (0.223±0.02) and oocyte diameter values (80.77±11.11 µm) and changes in histological features from the control groups (Table 1) . Furthermore, treated crabs displayed an increase in gonial cell proliferation (53%; F value= 23.51; P<0.05) compared to the untreated control groups (49 and 50%) (Fig. 1A ). Histological observations of treated ovaries showed the presence of large number of follicle cells surrounding the CN and PN oocytes. In some treated crabs, the follicle cells were seen in clusters besides forming epithelium around the CN and PN oocytes and the proportion of shrunken follicles, atretic oocytes and pycnotic follicle nuclei was seen considerably reduced than the control groups. The most notable feature in ovaries of treated crabs was the presence of early vitellogenic oocytes (12%). 
Effect of methyl farnesoate administration on ovarian growth during previtellogenic phase
Methyl farnesoate injection did not cause any appreciable change in morphology but caused considerable changes in histological features. The ovaries were small, transparent and cream-coloured with the mean ovarian index and oocyte diameter values (0.280±0.01 and 385.29±12.76 µm respectively) of controls on par with the corresponding values of concurrent controls (0.282±0.004 and 386.79±3.78 µm respectively). However, there was an insignificant rise in the ovarian index and mean oocyte diameter values (0.291±0.01 and 397.53±13.79 µm respectively) from that of controls (Table 1 ). The ovary in control groups showed a predominance of CN (41 and 38% respectively) and PN (59 and 62% respectively) stage oocytes with a small proportion of oogonia (Fig. 1B) whereas injected crabs displayed significantly large number of oogonia (F value = 10.31; P< 0.05) and PN oocytes (56%) and less number of CN oocytes (29%) (Fig. 3A-F) . The most striking feature of ovaries in treated crabs were the presence of a large number of vitellogenic oocytes (primary and secondary vitellogenic oocytes 3 and 12% respectively) arranged towards the periphery. The CN and PN oocytes at this stage were encircled by a single layer of epithelium while the vitellogenic oocytes were seen surrounded by a double layered epithelium (Figs. 3A-F) . In addition, the experimental group displayed a remarkable increase in gonial proliferation. Effect of administration of methyl farnesoate during early vitellogenic phase.
The ovary acquired a light yellowish hue by the time it reached early vitellogenic phase and recorded ovarian indices of 0.481±0.02 and 0.507±0.02 and oocyte diameter values of 489.43±4.03and 490.55±5.33 µm for control and concurrent controls respectively. On the other hand, the injected crabs had higher values for ovarian index (0.541±0.02) and mean oocyte diameter (504.88±2.75 µm) which differed statistically from the controls (P<0.05) ( Table 1 ). The ovaries of control groups were dominated by PV oocytes (62 and 63% respectively) followed by PN (20 and 21% respectively) and CN stage oocytes (18 and 16% respectively) (Fig.  1C ) whereas the experimental ovaries had 32% oocytes in secondary, 40% in primary vitellogenic, 21 and 7% in PN and CN stages respectively. Histological appearance of the ovary of treated crabs suggested that the degree of yolk deposition was high in vitellogenic oocytes of treated crabs than those in the untreated controls. In control crabs, the peripheral ooplasm of primary vitellogenic (PV) oocytes was occupied by very few small vacuolated globules (15-25 µm) and mildly basophilic yolk granules (7.5-15 µm) whereas the primary oocytes of treated crabs were characterized by the presence of numerous large vacuolated globules (20-30 µm) and yolk granules (15-25 µm) and secondary vitellogenic (SV) oocytes with large vacuolated globules (35-47 µm diameter) and yolk platelets (29-53 µm width) (Figs. 4A-E) . Besides, the experimental crabs exhibited a significant enhancement in gonial proliferation over the controls (F value = 8.03, P<0.05). 
Effect of methyl farnesoate administration during middle vitellogenic phase
The ovaries of both controls and concurrent controls recorded mean ovarian indices of 1.021±0.08 and 1.055±0.10 and mean oocyte diameter values of 778.99±37.66 and 785.74±36.30 µm respectively (Table 1) . In contrast, the experimentals displayed significantly higher values for ovarian index and mean oocyte diameter (1.427±0.11 and 916.86±45.49 µm respectively; P<0.05) indicating that MF administration stimulated ovarian growth. The SV oocytes were observed with a diameter of 725.50±34.73 µm and their nuclei measured 37.36±7.28 µm with single large nucleoli. These oocytes have large yolk platelets (35-57 µm) and vacuolated globules (34-57µm) which extend deep into the ooplasm towards the nucleus (5A-E). Though SV oocytes dominated the ovaries of both controls (78 and 80% respectively) and treated group (82%), the proportion of SV stage 3 (SV3) oocytes was remarkably high in treated crabs (64%) than the control groups (20% each) (Fig. 1D) . Moreover, the injected crabs displayed a higher proportion of gonia than the control groups (F value = 7.60; P<0.05). 
Effect of methyl farnesoate administration during late vitellogenic phase
The ovaries of crabs treated with MF during this phase resembled morphologically and histologically to those of control groups. The ovary appeared large with an orange tinge and was mainly composed of compactly packed tertiary vitellogenic oocytes (95 and 96% respectively) followed by a few SV (4% each) and PV oocytes (1 and 0% respectively) (Fig. 1E) . The ovarian index value reached its peak during this phase and the tertiary vitellogenic oocytes accomplished a maximum size of 1500 µm (diameter) with their nuclei becoming totally indistinguishable. The large eosinophilic yolk platelets have fused to form a homogenous matrix and the follicle epithelium was no longer apparent around the oocytes, reduced to a thin basophilic membrane (Figs. 6A-D) . Though the experimental group (MF injected) had elevated values for ovarian index (4.502±0.61) and mean oocyte diameter (1444.29±28.07) than their respective controls (4.036±0.16 and 1398.68±36.42 µm respectively) and concurrent controls (4.080±0.10 and 1400.69±39.87 respectively), these differences were insignificant statistically (P>0.05) ( Table 1 ). 
DISCUSSION
The present study explicated the effect of exogenous administration of MF on ovarian growth and maturation in the freshwater crab T. schirnerae. Results of this study provide strong evidence that administration of MF induced ovarian growth in all phases of oogenesis as judged by the increased ovarian indices, oocyte diameter and oocyte proportion values, gonial proliferation, presence of large number of vitellogenic oocytes in avitellogenic and previtellogenic ovaries and increased yolk deposition in vitellogenic ovaries of experimentals over controls.
The gonadotropic effect of MF was reported in many crustaceans Laufer et al., 1998; Nagaraju et al., 2006; Nagaraju and Borst, 2008; Nagaraju, 2011) . Administration of MF enthused vitellogenesis and gonad maturation in some crayfishes and crabs (Laufer, 1992; Kalavathy et al., 1999; Rotllant et al., 2000; Nagaraju, 2007) . For instance, Landau et al. (1989) and Reddy and Ramamurthi (1998) have shown a positive correlation between administration of MF and ovarian maturation in P. clarkii and O. senex senex. On the contrary, MF does not stimulate ovarian development in Homarus americanus, M. rosenbergii and Cherax quadricarinatus (Tsukimura et al., 1993; Wilder et al., 1994; Abdu et al., 2001) . Tsukimura et al. (2006) reported inhibition of ovarian development by MF in the tadpole shrimp Triops longicaudatus.
Several authors suggested the role of vertebrate type steroid sex hormones in inducing ovarian growth and maturation in crustaceans (Nagabhushanam et al., 1987; Sarojini et al., 1990; Zapata et al., 2003) . Both in vivo and in vitro administration of 17β-estradiol and 17α-OH progesterone induced vitellogenesis and ovarian maturation in the tiger prawn P. monodon (Merlin et al., 2015) . Progesterone and pregnenolone augmented ovarian growth and vitellogenin synthesis has been reported in O. senex senex , Barytelphusa cunicularis (Kale et al., 2008) and Scylla olivacea (Muhd-Farouk et al., 2016) . On the other hand, a negative correlation exists between ovarian maturation and vertebrate steroids in P. clarkii (Rodriguez et al., 2002b) and Marsupenaeus japonicus (Okumura and Sakiyama, 2004) .
The observations of the present investigation revealed an enhancement in ovarian index, mean oocyte diameter values and oocyte proportion of experimentals over controls. In support of this research, elevated values for ovarian index, oocyte diameter, testicular index and follicle diameter were obtained by Nagaraju et al. (2002; in P. indicus and M. malcolmsonii treated with MF. Reddy and Reddy (2015) and Reddy et al. (2016) have shown increased ovarian indices, oocyte diameter and ovarian vitellogenin levels in MF injected O. senex senex. Hemalatha et al. (2016) have recorded significantly high oocyte diameter, ovarian index, and ovarian vitellin levels following eyestalk ablation (ESA) and MF administration. A similar acceleration in oocyte diameter, ovarian index and ovarian vitellogenin levels was found in O. senex senex following administration of estradiol and progesterone Swetha et al., 2016) . Fairs et al. (1990) found that 17α -OH progesterone, MF and juvenile hormone III (JH III) significantly increased P. vannamei oocyte diameter in vitro. In crustaceans, ovarian index, colour of ovary, oocyte diameter, vitellogenin titre of hemolymph and lipovitellin deposition in oocytes were considered as measures to determine ovarian maturation (CharniauxCotton and Payen, 1988; Tsukimura, 2001) . The elevated ovarian index, mean oocyte diameter and oocyte proportion values of experimentals over controls in the present investigation may be attributed to the increased growth and yolk deposition in oocytes triggered by MF.
Our observations also revealed that MF treatment induced avitellogenic and previtellogenic ovaries to grow into vitellogenic and early vitellogenic to middle vitellogenic ovaries as evidenced by the presence of a large number of vitellogenic oocytes in avitellogenic and previtellogenic ovaries and enhanced yolk deposition in early vitellogenic ovaries. These results are in agreement with the findings of Sasikala and Subramoniam (1991) in the crab Paratelphusa hydrodromous where they found enhanced yolk deposition after injection of JH III. The ovaries of prereproductive females developed into late vitellogenic ovaries by 30 days MF treatment in P. clarkii (Laufer et al., 1998) . Nagaraju et al. (2003) observed that in O. senex senex, the ovaries of experimentals reached late vitellogenic stage following treatment with MF while the untreated controls remained in early vitellogenic stage. Reddy et al. (2016) have shown enhanced vitellogenin levels following MF administration in O. senex senex. Similar observations were made with estradiol and progesterone treatment in several crustaceans (Yano and Hoshino, 2006; Coccia et al., 2010; Merlin et al., 2015; Sujathamma and Dayakar, 2015) . Methyl farnesoate in combination with 17-OH progesterone during postreproductive period stimulated vitellogenesis in the estuarine crab Neohelice granulata (Medesani et al., 2015) . It is possible that MF may facilitate the deposition of high amounts of yolk in oocytes thereby increasing the size of oocytes and growth and maturation of ovary (Hemalatha et al., 2016) .
In T. schirnerae, MF injection during late vitellogenic phase effected no significant change in morphology or histology of the ovary. In the same way, no positive or stimulatory effect was observed when T. longicaudatus ovary was incubated with MF in late vitellogenic stage (Riley and Tsukimura, 1998) . Furthermore, Kraisuwansopit et al. (2008) established that MF has no role in postvitellogenesis or spawning in adult female crabs.
From the results it is evident that MF administration resulted in a marked increase in gonial proliferation in both reproductive and nonreproductive phases. Similar results were obtained in Parapenacopsis stylifera, where exogenous progesterone stimulated proliferation of oocytes (Joshi, 1980) . Nagabhushanam et al. (1987) observed that the ovaries of the freshwater prawn Caridina rajadhari injected with leutinizing (LH) and follicle stimulating hormone (FSH) enclosed more number of oogonia, follicle cells and germinative oocytes than the uninjected controls. Brandau (1970) was of the opinion that progesterone induces development of germ cells and gonial proliferation in crustaceans. In Metapenaeus monoceros, LH and human chorionic goadotropin (HCG) have stimulatory roles on early stages of oogenesis and less influence on vitellogenic oocytes (Kulkarni et al., 1979) .
CONCLUSION
To conclude, methyl farnesoate administration is effective in inducing ovarian growth and maturation in T. schirnerae as indicated by the elevated ovarian index, oocyte diameter and oocyte proportion values, initiation of vitellogenesis in avitellogenic and previtellogenic ovaries and enhanced yolk deposition in early vitellogenic oocytes of treated crabs over controls. Eyestalk ablation, the most commonly practiced method to induce ovarian maturation and spawning in hatcheries often leads to inferior quality seeds or poor hatchability. Knowledge generated from this research can be utilized as an alternate way to induce ovarian growth and maturation in hatcheries without compromising seed quality.
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